During screening for 4-chlorophenol-degrading micro-organisms in activated sludge from industrial wastewater treatment, a Gram-positive, rod-shaped, aerobic bacterial strain, designated 2C6-43 T , was isolated and characterized taxonomically by using a polyphasic approach.
2009), G. soli (Kämpfer et al., 2010) and G. halophila (Tang et al., 2010) . Members of the genus Georgenia have the following characteristics: they are Gram-positive, nonendospore-forming, motile or non-motile rods, positive for catalase and oxidase, contain anteiso-C 15 : 0 as the predominant cellular fatty acid and DNA G+C contents range from 69.7 to 72.9 mol%. During screening for 4-chlorophenol (4-CP)-degrading micro-organisms from activated sludge from industrial wastewater treatment, a Grampositive, rod-shaped bacterial strain, designated 2C6-43 T , was isolated. On the basis of 16S rRNA gene sequence analysis, this isolate was considered to be a Georgenia-like strain. To determine its exact taxonomic position, 2C6-43 T was subjected to a detailed investigation using a polyphasic taxonomic approach, including genotypic, chemotaxonomic and classical phenotypic analyses (Tindall et al., 2010) . These results indicate that 2C6-43 T should be placed in the genus Georgenia as a representative of a novel species.
An activated sludge sample was initially incubated with 50 p.p.m. (0.39 mM) 4-CP and diluted serially in 0.85 % saline solution. Aliquots of each serial dilution were spread on R2A agar and incubated at 30 u C for 14 days. Single colonies on the plates were purified by transferring them onto fresh plates and incubating them again under the same conditions. The isolate was routinely cultured at 30 u C on R2A agar [containing (per l distilled water) 0.5 g glucose, 0.5 g soluble starch, 0.5 g casein hydrolysate, 0.5 g yeast extract, 0.5 g peptone, 0.05 g MgSO 4 . 7H 2 O, 0.3 g KH 2 PO 4 and 15 g agar, with the pH adjusted to 7.2 prior to autoclaving] and maintained as a glycerol suspension (20 %, w/v) at 270 u C. G. halophila DSM 21365 T , G. muralis DSM 14418 T , G. ruanii KCTC 19029 T , Georgenia soli DSM 21838 T and Georgenia thermotolerans DSM 21501 T were used as reference strains for DNA-DNA hybridization and other experiments.
The Gram reaction was determined by using a Gram-stain kit (Difco) according to the manufacturer's instructions. Cell morphology and motility were observed under an Olympus light microscope (61000 magnification) using the hanging drop technique with cells grown for 2 days at 30 u C on R2A agar. The presence of endospores was examined by staining using the method of Cappuccino & Sherman (2002) and cells were observed using light microscopy. Catalase and oxidase tests were performed as outlined by Cappuccino & Sherman (2002) . Assimilation of single carbon sources, enzyme activities and other physiological characteristics were determined with the API ID 32 GN (48 h, 30 u C) and API 20 NE (48 h, 30 u C) galleries according to the manufacturer's instructions (bioMérieux) with cells grown on Luria-Bertani (LB) medium for 2 days. Reduction of nitrate and nitrite was determined using serum bottles (25 ml) containing 12 ml R2A broth supplemented with KNO 3 (10 mM) and NaNO 2 (10 mM), respectively (Assih et al., 2002) . The reduction of nitrate and nitrite was monitored by ion chromatography on a model 790 personal IC (Metrohm) equipped with a conductivity detector and an anion exchange column (Metrosep Anion Supp 4; Metrohm). Growth at different temperatures (4, 10, 15, 20, 25, 30, 37 and 42 u C) was assessed on R2A agar, nutrient agar (NA), LB agar, trypticase soy agar (TSA; Difco) and MacConkey agar after 5 days incubation. Salt tolerance was tested on R2A medium supplemented with 0-15 % (w/v) NaCl after incubation for up to 5 days. Growth at various pH values (pH 5.0-11.0 at intervals of 1.0 pH unit) was evaluated in R2A broth at 30 u C.
For phylogenetic analysis of strain 2C6-43 T , genomic DNA was extracted by using a commercial genomic DNA extraction kit (Solgent) and PCR-mediated amplification of the 16S rRNA gene and sequencing of the purified PCR product were carried out according to Kim et al. (2005) . The almost complete sequences of 16S rRNA genes used were compiled by using SeqMan software (DNASTAR). The 16S rRNA gene sequences of related taxa were obtained from the GenBank database. Multiple alignments were performed by using the program CLUSTAL_X (Thompson et al., 1997) . Gaps were edited in the BioEdit program (Hall, 1999) . Evolutionary distances were calculated by using the Kimura two-parameter model (Kimura, 1983) . Phylogenetic trees were reconstructed using the neighbourjoining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971) algorithms from MEGA4 (Tamura et al., 2007) and the maximum-likelihood (Felsenstein, 1981) method from PHYLIP version 3.69 (Felsenstein, 2009) , with bootstrap values based on 1000 replications (Felsenstein, 1985) .
For the determination of chromosomal DNA G+C content, the genomic DNA of the strain was extracted and purified as described by Moore & Dowhan (1995) and degraded enzymically into nucleosides; the DNA G+C content was determined as described by Mesbah et al. (1989) using reverse-phase HPLC. Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under vacuum conditions and re-extracted in n-hexane. The crude quinone in n-hexane was purified using Sep-Pak Vac silica cartridges (Waters) and then analysed by HPLC, as described previously (Hiraishi et al., 1996) . Cellular fatty acids were analysed using cells grown on TSA for 48 h at 30 u C. The cellular fatty acids were liberated, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI) version 3.0 (Sasser, 1990) . The fatty acid methyl esters were then analysed by GC (Agilent 6890; Hewlett Packard) using the Aerobe (TSBA6, version 6.0) database of the Sherlock Microbial Identification software package. Polar lipids were extracted using the procedure described by Minnikin et al. (1984) and identified by twodimensional TLC followed by spraying with appropriate detection reagents as described previously (Lee et al., 2008) . Purified cell-walls were obtained by disruption of cells with glass beads and subsequent trypsin digestion, according to the method of Schleifer (1985) . Amino acids and peptides in the cell-wall hydrolysates were analysed by using twodimensional TLC on cellulose plates with the solvent systems described by Schleifer & Kandler (1972) and the HPLC system described by Tang et al. (2009) . Sugars from whole-cell hydrolysates were analysed as described by Staneck & Roberts (1974) . The utilization of monochlorophenols as sole carbon sources was determined by using a minimum salt medium (Bae et al., 1996) with 2 % Noble agar (Difco). After sterilization, 2-CP (100, 200, 300, 400 and 500 p.p.m.), 3-CP (100, 200, 250, 300 and 350 p.p.m.) and 4-CP (100, 150, 200, 250 and 300 p.p.m.) were added separately. On these media, 2C6-43 T was incubated for 21 days. To minimize the evaporation of phenolic compounds, this test was performed in 160 ml serum bottles with butyl rubber stoppers. After sterilization, aromatic compounds phenol 2-CP (10, 25, 50 p.p.m.), 3-CP (10, 25, 50 p.p.m.) and 4-CP (10, 25, 50 p.p.m.) were added separately. The change of aromatic compounds in liquid media was detected as described previously (Bae et al., 1996) . A wide variety of catechol 1,2-dioxygenase and catechol 2,3-dioxygenase genes were detected as described previously (Sei et al., 1999) .
Cells of strain 2C6-43
T were Gram-positive, aerobic and motile rods. Colonies grown on LB agar plates for 2 days at 30 uC were 1-2 mm in diameter, circular, convex, shiny, opaque and yellowish. On LB agar, strain 2C6-43
T was able to grow at 10-42 u C, but not at 4 u C. Normal growth was also observed on R2A, TSA and NA at 20-37 u C and weak growth occurred on these media at 10 and 42 u C. On MacConkey agar, no growth was observed at any temperature. As a result of salt tolerance tests and pH range test, strain 2C6-43 T was grown on R2A agar media with 9 % (w/v) NaCl and in R2A broth with pH range of 5-10. Strain 2C6-43 T and strains of five Georgenia species (G.
T , G. soli DSM 21838 T and G. thermotolerans DSM 21501 T ) used in this study as reference strains, exhibited positive enzymic activities for catalase, oxidase, b-glucosidase and b-galactosidase; they were also positive for assimilation of glucose, sucrose, maltose, gluconate and glycogen. All the above-mentioned strains were negative for: arginine dihydrolase, urease and indole production; assimilation of L-histidine, L-serine, L-proline, D-sorbitol, inositol, caprate, adipate, citrate, phenylacetate, sodium malonate, lactate, propionate, valerate, trisodium citrate and 4-hydroxybenzoate; and acidification of glucose. These results are in good agreement with previously reported data and supported the affiliation of the isolate to the genus Georgenia (Altenburger et al., 2002; Li et al., 2007; Hamada et al., 2009; Kämpfer et al., 2010; Tang et al., 2010) . Phenotypic and chemotaxonomic characteristics that differentiate strain 2C6-43
T from its closest neighbours in the genus Georgenia are listed in Table 1 . In particular, strain 2C6-43 T could be clearly differentiated from all above-mentioned Georgenia species based on its ability to utilize salicin and D,L-3-hydroxybutyrate. Utilization of monochlorophenols by strain 2C6-43 T as sole carbon sources in solid phase of minimum salt medium is shown in Table 2 . However, in an aqueous phase of the same basal medium, no utilization of aromatic compounds was observed and there was no growth of bacteria over 21 days of incubation. As a result of analysis of two aromatic compound ring cleavage enzymes (catechol 1,2-dioxygenase and catechol 2,3-dioxygenase) which are involved in the oxidation of CPs, catechol 1,2-dioxygenase was detected in 2C6-43 T but catechol 2,3-dioxygenase was not detected. T (96.0 %). The phylogenetic position of the isolate, determined by using the various tree-making algorithms (neighbour-joining, maximum-parsimony and maximumlikelihood), revealed that strain 2C6-43 T appeared within the genus Georgenia with a high bootstrap value of 96 % (Fig. 1) . The generally accepted criteria for delineating bacterial species state that strains with DNA-DNA relatedness below 70 % (as measured from hybridization) or with a 16S rRNA gene sequence dissimilarity above 3 % are considered to belong to separate species (Wayne et al., 1987; Stackebrandt & Goebel, 1994; Stackebrandt et al., 2002) . In view of this definition, the above-mentioned data indicate that strain 2C6-43 T can be considered to represent a novel species of the genus Georgenia. For further verification of the taxonomic position of strain 2C6-43 T , DNA-DNA hybridization was performed with the most closely related members of the genus Georgenia.
DNA-DNA hybridization was performed fluorometrically according to the method of Ezaki et al. (1989) , using photobiotin-labelled DNA probes (Sigma) and microdilution wells (Greiner), with five replications for each sample. T (17.6 %) indicating that it is not related to them at the species level (Wayne et al., 1987; Stackebrandt & Goebel, 1994) .
Cellular fatty acid profiles of strain 2C6-43
T and the five reference strains are shown in Table 3 . All strains contained anteiso-C 15 : 0 as the dominant component and also contained C 16 : 0 , C 18 : 0 and iso-C 15 : 0 as the major components. However, some qualitative and quantitative differences in fatty acid content were observed between strain 2C6-43 T and the reference strains. Strain 2C6-43 T contained a comparatively high amount of anteiso-C 15 : 1 A, whereas other species have smaller amounts or none of this fatty acid. In particular, strain 2C6-43 T contained a small amount of the hydroxylated fatty acid C 12 : 0 3-OH, which was not present in any of the other strains. Strain 2C6-43 T contained MK-8(H 4 ) as the predominant menaquinone. The DNA G+C content of strain 2C6-43 T was 66.2 mol%. These data are in good agreement with those of other members of the genus Georgenia (Altenburger et al., 2002; Li et al., 2007; Hamada et al., 2009; Kämpfer et al., 2010; Tang et al., 2010) . The amino acids glutamic acid, alanine and lysine were detected in total hydrolysates of the cell-wall preparation of strain 2C6-43 T (Fig.  S1 ). This composition is consistent with peptidoglycan type A4a, which has been reported for most members of the genus Georgenia. Sugars from whole-cell hydrolysates found in strain 2C6-43
T were rhamnose, ribose and galactose. Rhamnose and galactose have been reported for most species of genus Georgenia (Li et al., 2007; Hamada et al., 2009; Tang et al., 2010) , whereas ribose has been found only in strain 2C6-43 T . Strain 2C6-43 T contained phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol mannosides, phosphatidylinositol and minor amount of unidentified polar lipid L1 (see Fig. S2 ). These lipids were also detected in G. muralis 1A-C T , G. ruanii YIM 004 T , G. thermotolerans TT02-04 T , G. soli CC-NMPT-T3
T and G. halophila YIM 93316 T . However, the presence of minor amounts of unidentified polar lipid L1 could be useful for the differentiation of strain 2C6-43 T from its closest relatives. The phenotypic and phylogenetic data presented here indicate that strain 2C6-43 T belongs to the genus Georgenia. The phylogenetic distinctiveness of 2C6-43 T , together with the DNA-DNA hybridization data, confirmed that this strain represents a species that is distinct from the recognized Georgenia species. Strain 2C6-43 T can be differentiated from the five currently recognized Georgenia species based on several phenotypic characteristics (Table 1) . Therefore, on the basis of the data presented, strain 2C6-43 T should be classified within the genus Georgenia as a representative of a novel species, for which the name Georgenia daeguensis sp. nov. is proposed.
Description of Georgenia daeguensis sp. nov.
Georgenia daeguensis (dae.gu.en9sis. N.L. fem. adj. daeguensis pertaining to Daegu, a city in South Korea, where the type strain was isolated).
Cells are Gram-positive, aerobic, motile, non-spore-forming rods, 0.3-0.5 mm in width and 0.5-0.8 mm in length. After 2 days incubation at 30 u C on LB agar, colonies are 1-2 mm in diameter, circular, convex, shiny, opaque and yellowish. Grows at 10-42 u C, at pH 5.0-10.0 and in the presence of 1-9 % (w/v) NaCl; no growth occurs at 4 uC, pH 11 or in the presence of 10 % NaCl; optimal growth is observed at pH 6.0-8.0 and 25-30 u C. Oxidase-and catalase-positive. Nitrate is reduced to nitrite, but nitrite is not reduced. In substrate assimilation tests, glucose, sucrose, maltose, gluconate and glycogen are utilized for growth but L-histidine, L-serine, L-proline, D-sorbitol, inositol, caprate, adipate, citrate, phenylacetate, sodium malonate, lactate, propionate, valerate, trisodium citrate and 4-hydroxybenzoate are not utilized. ) is the predominant menaquinone. The major cellular fatty acids are anteiso-C 15 : 0 , anteiso-C 15 : 1 A, iso-C 15 : 0 , C 16 : 0 , iso-C 14 : 0 and C 12 : 0 . The type strain, 2C6-43 T (5KCTC 19801 T 5JCM 17459 T ), was isolated from an activated sludge sample collected from an industrial wastewater treatment plant in Daegu, South Korea. The DNA G+C content of the type strain is 66.2 mol%.
